We have used overcrowding stress to study the pathogenesis of depression and the action of antidepressant drugs. In the present study, the influence of overcrowding on behavior was assessed by the forced swimming test. All the stressed rats revealed highly characteristic head twitching movement, which was not inhibited by repeated administration of diazepam and haloperidol, but was markedly suppressed by repeated administration of desipramine and mianserine. A significant positive correlation in the number of twitching episodes in each stressed rat between the first and second forced swimming test was seen.
Results of the forced swimming test on 2 consecutive days are presented in Figure 1 . The duration of immo bility in both tests was significantly reduced by repeated injection of desipramine (20mg/kg) for more than 6 days. Overcrowding also caused a significant reduction in the duration of immobility on most experimental days. No cumulative or synergistic effects on immobility were found between desipramine treatment and overcrowding.
Differences in test behavior between desipramine treated and stress groups after the 6th day of the study were seen. While the desipramine group often showed active escape behavior, such as climbing the wall, re peated jumping or diving, the stress group showed more "apparently aimless" behavior s uch head twitching, grooming or pushing off the wall. On the 2nd and 3rd experimental days, however, the stress group showed escape-directed behavior similar to the desipramine -treated groups, although some head twitching was also observed.
The most conspicuous behavioral activity in the over -crowding group was head twitching. This was never observed while rats were caged. It is described as rapid shaking of the head for periods of usually less than one second. We tentatively named it "swimming-induced head twitching", an obvious behavioral pattern that can be easily counted. As shown in Figure 1 , it was seen on the second day of overcrowding and continued until the 14th day. A significant positive correlation in the number of twitching episodes in each stressed rat between the first and second forced swimming test was seen (Fig 2) .
The twitching was markedly reduced 7days after rats were returned to the control cages after 14days of overcrowding (Fig 3) .
The twitching was significantly reduced by desipra mine administration of longer than 7days (Fig 1) . Treat ment for 2 or 3days did not reduce the number of twitching episodes. Repeated administration of mianserine (10mg/kg) also significantly inhibited twitching induced by 14days of overcrowding (Fig 4) . On the other hand , confirmed their previous findings of similarities in the behavioral and neurochemical response to chronic stress and chronic antidepressant treatment. Our results showing a significant reduction in immobility by over -crowding supported these results. However, a more interesting finding in our study is the characteristic "swimming -induced head twitching" behavior in rats with subchronic or chronic overcrowding. In fact, the reduction in stress-induced immobility appeared to be caused by this abnormal behavior, rather than by escape-directed behavior as shown in the desipramine treated rats. Platt and Stone3 also demonstrated quali tative differences in behavior between drug-treated and stressed rats; whereas the former showed vigorous escape attempts, the latter showed less vigorous movements such as grooming, sniffing, pushing off the walls of the container and elevating the head above water, although they did not observe head twitching. Thus, the bevavioral effects of stress appear to vary depending on the stressor. More importantly, the head twitching was markedly reduced by repeat administration of antidepressants and not by anxiolytics nor antipsychotics . These findings support the use of overcrowding of rats as a stressor in the animal depression model because it fulfills the criteria of the model:4 (1) Face validity; "swimming-induced head twitching" is a clear behavioral marker which can be easily quantified. (2) Construct validity; clinical and experimental evidence suggests the strong relationship between stress and depression . Overcrowding stress is milder and of a more psychological nature than the conventional stressors used in stress experiments . (3) Predictive validity; swimming-induced head twitching is specifically reversed by antidepressant drugs .
Furthermore, a significant correlation in the head twitching between the first and second swim test was found. In other words, rats showing frequent episodes of the twitching in the first test also showed many episodes in the second. Such reproducibility of behavior in in dividual rats suggests that "swimming-induced head twitching" may also be a convenient index in the de termination of individual vulnerability to stress. This may open the possibility of creating a genetic model of depression using this marker. Regarding the physiological background of "swimming -induced head twitching", it should be noted that it be came evident from the 6th experimental day and was less evident on the 2nd and 3rd days of overcrowding.
At this initial stage of stress, body weight loss had not recovered and the animals were somewhat fierce, suggesting that they had not yet adapted to their environment. However, they appeared to have adapted by 6-7th day. As shown in our previous biochemical data,1 the initial augmentation of norepinephrine and serotonin turnover also returned to normal levels at this stage of overcrowding.
However, in view of the evidence that twitching appeared during this adaptive phase, one may speculate that the apparent adaptations shown in body weight, gross behavior on handling and monoamine turnover were false adaptation, easily lost in the new stressful environment.
This hypoth esis may relate to the pathogenesis of affective disorders.
Finally, the biochemical background of "swimming induced head twitching" is discussed.
It is well known that serotonin agonists induce head twitching in rats.5 As serotonin-induced twitching and the present "swimming -induced head twitching" are apparently similar, the latter may also be induced by stimulation of the serotonin ergic system. However, we failed to induce "swimming -induced head twitching" by the serotonin precursor, 5-hydroxytryptamine or by serotonin agonist, 5-methoxy -N, N'-dimethyltryptamine (unpublished observation), and failed to suppress it by the serotonin antagonists, ritanserin and ketanserin. Thus, this behavior may be caused by an unknown biochemical mechanism outside the serotoninergic system and may be related with the mode of action of antidepressant drugs and the bio chemistry of depression.
